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Abstract
The design of data collection scenarios is criti-
cal for evaluating intelligent systems for social in-
tention recognition in aviation. Identical aircraft
behaviors can generate multiple equally plausible
intention interpretations depending on situational
context and the observer’s professional perspec-
tive, yet existing research offers limited guidance
for constructing scenarios that preserve this inter-
pretive open-endedness. This study addresses this
gap through an exploratory, literature-based inves-
tigation of how contextual factors shape intention
interpretation across aviation roles. An integrated
framework combining the 3Cs model of situational
analysis and script theory is proposed to identify
contextual dimensions influencing interpretation.
Through qualitative synthesis of aviation litera-
ture, the framework demonstrates how variations in
cues, classes, characteristics, and internal-external
script configurations can produce divergent but
valid intention narratives for the same observable
behavior. The resulting scenario-first methodology
provides structured guidance for designing aviation
scenarios that support role-dependent intention an-
notation and evaluate intelligent systems. As a con-
ceptual contribution, the framework requires em-
pirical validation by aviation professionals.

1 Introduction
Intelligent systems operating in safety-critical aviation envi-
ronments must interpret human social intentions under con-
ditions of uncertainty, where misinterpretation can lead to se-
vere consequences [1]. Crucially, the same observable air-
craft behavior can give rise to multiple, equally plausible in-
terpretations depending on contextual factors and the profes-
sional role of the observer [2]. For example, a rapid elevation
change in an aircraft may be interpreted by air traffic con-
trol (ATC) as an emergency descent, by the flight crew as a
deliberate weather-avoidance maneuver, or by maintenance
personnel as an indicator of a potential system malfunction.
None of these interpretations is inherently incorrect; rather,
each reflects a valid perspective grounded in the observer’s
operational responsibilities and expectations.

This interpretive ambiguity presents a fundamental chal-
lenge for the design of intelligent systems in aviation. Tra-
ditional approaches to system evaluation often assume that
observed aircraft behavior corresponds to a single underlying
intention that can be treated as ground truth once subsequent
actions are known [3]. Such assumptions overlook the fact
that unrealized intentions (those that remain plausible but are
never enacted) are an intrinsic aspect of real-world aviation
operations [4]. As a result, intelligent systems trained using
narrowly defined interpretations may perform adequately in
expected situations, yet fail to reason effectively when faced
with ambiguous behavior.

Although aviation research has long acknowledged that
multiple stakeholders maintain distinct yet compatible under-
standings of the same operational situation, existing frame-
works provide limited guidance on deliberately exposing this

ambiguity during intelligent system design. Research on
distributed situation awareness highlights the coexistence of
role-specific perspectives within aviation teams, but focuses
primarily on coordination and information sharing rather than
systematic scenario construction [2; 5]. Similarly, models
of pilot situation awareness demonstrate how interpretation
shifts with context and workload, yet remain confined to a
single professional role and do not address interpretive diver-
sity across organizational boundaries [6]. Consequently, cur-
rent literature lacks methodologies for designing data collec-
tion scenarios that deliberately capture multiple valid, role-
dependent interpretations of identical aircraft behaviors.

In order to address this gap, the present paper investigates
the following research question: How can contextual vari-
ations in aviation be systematically characterized to guide
AI researchers in designing data collection scenarios that
capture multiple valid interpretations of social behavior?

From the research question above, the following sub-
questions are derived:

SQ1: What are the primary contextual dimensions identified
in aviation literature that influence how aircraft behaviors are
interpreted differently across aviation professional roles?

SQ2: How can external and internal scripts be used to struc-
ture and analyze divergent intention narratives in different
aviation case studies?

SQ3: How can conflicts between internal professional scripts
and external institutional scripts be systematically repre-
sented in aviation scenarios to reveal interpretive ambiguity?

SQ4: What are the limitations of using contextual framework
and script-based scenario design to generate plausible inten-
tion explanations in aviation?

The primary contribution of this paper is an exploratory
framework for designing scenarios that expose interpretive
ambiguity prior to modeling. Specifically, this work proposes
a scenario-first methodology that integrates the 3Cs frame-
work (cues, characteristics, classes) with script theory to sup-
port the design of aviation data collection scenarios. The
framework provides a structured approach to construct sce-
narios of graduated complexity, in which observable aircraft
behaviors can be systematically interpreted through multiple
professional perspectives. By varying contextual interpreta-
tions while holding observable cues constant, this method-
ology aims to support the development and evaluation of
context-aware and explainable intelligent systems in aviation.

This paper proceeds as follows: Section 2 establishes
the theoretical foundations. Section 3 presents the research
methodology. Section 4 synthesizes insights from the avi-
ation literature. Section 5 presents scenario construction
through case studies illustrating variability in behavioral in-
terpretation. Section 6 discusses the implications of these
findings for intelligent system design and highlights gaps be-
tween current literature and scenario complexity. Section 7
addresses ethical considerations and reproducibility. Finally,
Section 8 concludes the study and Section 9 outlines direc-
tions for future work.



2 Background Information
2.1 The 3Cs Framework
The 3Cs framework provides a systematic approach to ana-
lyzing how situations influence interpretation through three
hierarchical levels of situational information [7]. This frame-
work has been widely applied across various domains to
understand how objective environmental features are trans-
formed into subjective psychological meanings [7].

Cues represent the physical and objectively quantifiable
stimuli accessible to all observers but carry no inherent psy-
chological meaning [7]. In the scope of this paper, cues will
be categorized into six key dimensions: persons, events, ob-
jects, activities, location, and time [7].

Characteristics capture the psychological meanings at-
tributed to cues, encompassing dimensions such as threat,
stress, task demands, and routine nature that vary across dif-
ferent observers [7]. They represent the critical transforma-
tion layer where raw sensory data gains psychological signif-
icance through individual interpretation processes.

Classes constitute the most abstract level, representing cat-
egorical judgments about entire situations that shape expecta-
tions about plausible actions and outcomes [7]. These high-
level categorizations influence which behavioral repertoires
are considered appropriate and which interpretation frame-
works are likely to be activated.

2.2 Script Theory
Script theory provides a framework for understanding how
individuals organize knowledge about how situations unfold
and how actors should behave [8]. Scripts represent struc-
tured knowledge configurations that guide both understand-
ing and action in familiar contexts [8].

Internal Scripts represent individual cognitive frame-
works developed through training and experience, operating
through hierarchical components: play components (overall
knowledge about the collaborative performance), scene com-
ponents (knowledge about specific situations within broader
contexts), role components (understanding of participant
roles and their activities), and scriptlet components (knowl-
edge about specific activity sequences within scenes) [8].

External Scripts represent institutionalized frameworks
codified in regulations and procedures, establishing expecta-
tions through corresponding scaffolds: play scaffolds (gen-
eral task definitions), scene scaffolds (structured sequences of
phases), role scaffolds (assigned responsibilities), and script-
let scaffolds (specific prompts for activity sequences) [8].

The interaction between internal and external scripts cre-
ates a dynamic tension that generates interpretive variation.
When internal scripts align with external scripts, interpreta-
tion tends toward consensus [8]. However, when these frame-
works diverge, multiple valid interpretations emerge. This
interpretive variability represents what can be termed open-
endedness: the breadth of possible ways behavior can be ex-
plained by different intentions [8]. This phenomenon, which
arises from conflicting internal scripts, mismatches between
internal and external scripts, or simultaneous intention pro-
cesses, is the key focus that this paper’s methodology aims to
systematically capture and analyze.

2.3 Multi-Perspective Annotation and Data
Collection

In machine learning, annotators provide labels or inter-
pretations of data for training intelligent systems. Tradi-
tional annotation approaches aim to minimize inter-annotator
disagreement through majority voting to establish single,
ground-truth labels [9]. However, annotator characteristics
create systematic and legitimate differences in how identi-
cal scenarios are interpreted. These characteristics include
professional roles, training backgrounds, and experiences.
The open-endedness of intention interpretation comes di-
rectly from the annotators themselves rather than treating dis-
agreement as noise to be eliminated [9].

Multi-perspective annotation deliberately samples annota-
tors from different professional groups to capture legitimate
interpretive variation [10]. In aviation, this means sampling
from pilots, ATC, maintenance personnel, and other relevant
stakeholders. Each group brings distinct internal script devel-
oped through their specialized training and operational expe-
rience. When presented with identical environmental cues,
these groups generate different psychological characteristics
interpretations, leading to different situation classifications
[9]. This systematic variation in the 3Cs framework enables
the manipulation of interpretive open-endedness. A scenario
annotated only by ATCs produces closed-ended interpreta-
tions reflecting a single professional script. The same sce-
nario annotated by both controllers and pilots becomes open-
ended, capturing multiple valid intention narratives based on
their different script configurations. This approach enables
intelligent systems to be trained on datasets that preserve
rather than collapse the collaborative interpretive processes
essential for aviation safety operations.

3 Methodology
This research adopts an exploratory, discovery-oriented ap-
proach to examine contextual variations in the interpretation
of social intentions in aviation. Given the absence of estab-
lished frameworks for systematically designing scenarios, a
qualitative literature synthesis is used as the primary method-
ological instrument. The insights derived from this survey are
subsequently used to conduct case study development.

3.1 Literature Survey Design
The literature survey is structured in two complementary
parts with distinct inclusion criteria. The first phase identi-
fies literature providing conceptual leverage on intention in-
terpretation, contextual variability, and script-based reason-
ing. Included papers describe real or hypothetical situations
involving observable behavior that can plausibly be inter-
preted as intentional. While social situations are prioritized,
individual-focused studies are retained when intelligent sys-
tems are involved or when the described behavior plausibly
scales to a social aviation context. These studies received less
analytical emphasis in the survey and were primarily used to
anchor the discussion to the current state of the art.

The second part of the survey focuses on literature that di-
rectly supports scenario construction for data collection. In-
cluded papers describe short-term (5-30 minute), real or hy-



Figure 1: Literature filtering process for aviation social intention re-
search. The concentric circles illustrate progressive filtering from
complete literature (outer ring) to final inclusion criteria (center).
Papers must describe social situations with internal/external scripts,
involve short-term scenarios from pilot perspectives, and contain
modifiable situational properties for systematic scenario variation.

pothetical social situations in which an intelligent system par-
ticipates as a passive observer or an active intervening agent.
Intention interpretation must be analyzable from the pilot’s
perspective within the scene. Across both parts of the sur-
vey, attention is given to identifying modifiable properties of
situational cues, mainly scene structure, actor roles, and con-
textual signals, that can be systematically varied to generate
alternative, yet plausible, intention interpretations.

3.2 Search Strategy and Query Construction
To execute the approach described in subsection 3.1, a struc-
tured search was conducted using Scopus, following the
multi-step filtering process illustrated in Figure 1. The search
strategy progressively narrowed an initially broad conceptual
space into a focused corpus of aviation-relevant studies ad-
dressing intention interpretation under contextual uncertainty.

The search query was designed to be systematic and
reusable across multiple application domains within the
broader research program, including aviation, restaurant ser-
vice, manufacturing, hospital environments, and driving. Its
core conceptual components were standardized across do-
mains, with domain-specific constraints applied as needed,
enabling methodological comparability across domains while
allowing the present study to focus exclusively on aviation.

As shown in Table 1, the query consisted of four concep-
tual clusters. The first cluster targeted intention and behavior-
related concepts associated with social intention, intention
recognition, and behavior interpretation, capturing literature
on how observers infer latent intentions from observable ac-

Subjectivity
Annotation

Behavior
Understanding

Domain
Specific Terms

Exclusion
Criteria

social intention* subjective annotation aviation drone*
intent* recognition plausible narrative* aircraft uav
intent* estimat* alternative narrative* flight deck unmanned
intent detection script theory cockpit optimization
intent* predict* social norm* pilot*
behavio*r interpret* contextual variation flight simulation
behavio*r recogn* human factors aviation simulation
social percept* subjectivity flight scenario*
action prediction perspectiv*
goal inference multi-perspective
narrative expl* ambigu*
plausible narrative* uncertainty
intent* inferenc* context model*
goal recogn* situation awareness
goal estimat* external script*
goal inferenc* internal script*
behavio*r estimat* situational script*
behavio*r inferenc* situation*

case stud*
scenario*
multiple annotator
perspective*

Table 1: Search Query Clusters Used in the Literature Review

tions. The second cluster addressed domain-general contex-
tual and interpretive factors, such as subjectivity, ambiguity,
script theory, and situation awareness, drawing from interdis-
ciplinary traditions, such as psychology, anthropology.

The third cluster constrained the search to operational avi-
ation contexts using domain specific terms, such as aircraft,
cockpit, and flight simulation, ensuring relevance to manned
aviation operations. These terms were optimized to balance
feasibility and coverage, producing a set of papers small
enough for manual inspection of abstracts and introductions,
yet large enough to avoid information loss.

The fourth cluster applied exclusion criteria to remove
studies outside manned aviation and human-centered in-
tention interpretation. The terms drone and UAV were
excluded because such research typically focuses on au-
tonomous systems, algorithmic planning, or navigation with-
out a human-decision maker, limiting relevance to cock-
pit human–machine interaction. The term unmanned was
excluded to prevent including hybrid system studies that
nonetheless lack a human pilot as the primary intentional
agent within the operational loop. Finally, the term optimiza-
tion was excluded to remove studies focused on mathematical
control that ignore subjective intention attribution.

The search query shown in Table 1 resulted in an initial set
of 165 papers from Scopus. These papers were subjected to
a three-stage screening process consistent with the filtering
structure illustrated in Figure 1.

In the first screening stage, abstracts and titles were man-
ually reviewed to assess whether each paper described avi-
ation contexts involving human decision-makers interacting
with intelligent systems. Papers focused on unmanned sys-
tems, mathematical optimization without human factors, or
non-aviation domains were excluded, reducing the corpus to
129 papers. At this stage, studies describing individual sit-



Figure 2: Integrated 3Cs and script theory framework for aviation
scenario analysis. The diagram illustrates how environmental
situation modeling combines with cognitive interpretation pro-
cesses (internal and external scripts) to systematically identify
sources of interpretive variation.

uations were retained if they plausibly informed intelligent
system behavior, serving to anchor the state-of-the-art.

The second screening stage involved examining abstracts
and introductions to identify papers describing concrete so-
cial situations where intelligent systems acted as passive ob-
servers or active participants alongside human aviation pro-
fessionals. Studies addressing extended mission-level anal-
ysis rather than operational episodes of 5-30 minutes were
excluded. This stage reduced the corpus to 78 papers.

In the final screening stage, full papers were examined
to select those containing explicit aviation scenarios where:
(1) intelligent systems intervened live or perceived and in-
tervened post-hoc, (2) behavioral cues could be observed by
multiple parties including human professionals and intelli-
gent systems, and (3) intention interpretation could reason-
ably be analyzed from the human operator’s perspective. Pa-
pers meeting these criteria formed a final corpus of 58 hu-
man–AI aviation interaction studies for detailed analysis.

3.3 Contextual Dimensions Framework
This research contributes a methodology that integrates the
3Cs framework with script theory to systematically categorize
sources of interpretive variation in aviation scenarios. While
environmental situational modeling captures objective con-
textual factors, it does not account for the cognitive dynamics
through which aviation professionals interpret identical be-
havioral cues using distinct internal and external scripts. By
integrating environmental cues, characteristics, and classes
with role-specific script configurations, the framework pro-
vides a structured means of revealing multiple valid interpre-
tations for identical observable behaviors (see Figure 2).

The framework supports systematic scenario construction
by structurally transforming literature insights into data col-
lection scenarios. Aviation behaviors observable to multi-
ple professional roles are identified from the literature sur-
vey, with emphasis on behaviors that plausibly support diver-

gent interpretations across stakeholders. Each behavior is an-
alyzed using both 3Cs and script theory components to cata-
log environmental cues and examine how their psychological
characteristics and script configurations are mapped across
different aviation roles to identify points of alignment and
conflict. Such misalignments are treated as primary sources
of interpretive ambiguity.

Scenarios are operationalized by holding environmental
cues constant while systematically varying characteristic in-
terpretations and script configurations across roles. This ma-
nipulation allows the same observable behavior to support
multiple plausible intention narratives, reflecting the open-
endedness inherent in real-world aviation operations. Each
scenario is temporally scoped to match the typical operational
episodes of 5–30 minute. This way, intentions remain mea-
surable within the scenario window.

4 Literature Survey
This literature synthesis examines the 58 papers identified
through the structured search process to reveal a central find-
ing: in aviation, intention recognition is not a direct decoding
of behavior but a complex interpretive process mediated by
professional scripts. Studies focused on Non-Intelligent Sys-
tems is synthesized in subsection 4.1 to establish the mech-
anisms of script-mediated interpretation. Studies on Intelli-
gent Systems are then critiqued in subsection 4.2 for their
systemic failure to model this essential human process.

4.1 Non-Intelligent Systems
The core of interpretive ambiguity in aviation stems from
how human professionals imbue objective environmental data
with subjective meaning. The following sections break down
the mechanisms driving this process, from foundational cog-
nitive acts to complex conflicts between institutional and in-
dividual worldviews.

The Foundation: From Objective Cues to Subjective
Characteristics
The most fundamental source of interpretive variation occurs
when observers apply different internal scripts to the same ob-
jective cue, leading to systematically opposing psychological
interpretations [11]. Research on fighter pilots demonstrates
that extended instrument scanning patterns of 2-3 seconds fol-
lowed by rapid control input sequences constitute identical,
observable cues that can be interpreted through opposing pro-
fessional frameworks [12]. However, the meaning attributed
to these cue diverged based on the observer’s internal script.
An experienced pilot internal script interpreted the scanning-
input sequence as evidence of high situational awareness and
decisive action under pressure, reflecting comprehensive sit-
uation assessment followed by confident execution. Con-
versely, an overwhelmed pilot internal script interpreted the
identical behavioral sequence as task saturation and reactive
response patterns, indicating extended information seeking
followed by rushed action due to cognitive overload [12].

This finding demonstrates that the characteristics layer rep-
resents the critical transformation point essential for human-
level understanding of aviation professional behavior. Studies
of eye tracking in military aviation environments reveal that



ocular parameters like fixation rates correlate significantly
with flight parameters during different operational phases, yet
these correlations vary systematically based on pilot experi-
ence level and training background [12; 13; 14].

Cross-Role Conflicts: When Professional Scripts Collide
Interpretive ambiguity magnifies in multi-role aviation en-
vironments where professionals operate with conflicting
scripts. Crew Resource Management research demonstrates
that aviation safety culture has evolved through six distinct
historical training generations, each emphasizing different
script priorities: first-generation scripts focused on individ-
ual authority, while sixth-generation scripts prioritize sys-
temic threat management and distributed decision-making
[15]. These generational differences create predictable script
conflicts when aviation professionals from different training
eras interpret identical operational behaviors.

The forensic analysis of US Airways Flight 1549 provides
empirical evidence of legitimate cross-role script conflicts
[16]. During the emergency, Captain Sullenberger’s 8-second
delay in responding to an ATC frequency change request con-
stituted an objective cue observable to all parties, yet gener-
ated two valid but opposing interpretations:

• ATC personnel, applying traffic management scripts de-
veloped through training that prioritizes immediate com-
munication for orderly traffic flow, interpreted the de-
lay as non-compliance and reduced situational aware-
ness [17]. Their internal scripts, optimized for system
efficiency, could not accommodate the possibility that
aircraft control might legitimately take precedence over
communication protocols during emergency situations.

• Flight crew members, applying aircraft emergency
scripts dictating aircraft control takes precedence over
non-critical communications, interpreted the identical
delay as appropriate prioritization and high workload
management [17]. Their internal scripts, developed
through emergency training scenarios and operational
experience, recognized the delay as evidence of proper
task prioritization rather than performance degradation.

This case exemplifies how the classes dimension operates:
the same event receives different categorical classifications
(“routine traffic management” vs. “aircraft emergency”),
leading to opposing but professionally legitimate judgments.
Research on naturalistic decision making in aviation demon-
strates that experienced pilots use Recognition-Primed De-
cision Making strategies involving situation recognition, se-
rial option evaluation, and mental simulation rather than an-
alytical comparison of alternatives [18; 19]. These cognitive
strategies create legitimate interpretive variation when differ-
ent professional roles assess identical pilot behaviors through
their respective decision-making frameworks.

External Script Conflicts: The Influence of Training and
Institutional Norms
Catastrophic interpretive failures arise from conflicts be-
tween individuals’ internalized scripts and formalized exter-
nal scripts. Aviation research identifies “training syndrome”
as a documented source of misinterpretation where behaviors
learned in simulated contexts become inappropriately applied

to operational environments [13; 15]. This phenomenon oc-
curs when training-based external scripts create internal script
configurations that prove counterproductive during actual op-
erational scenarios [15].

The Air France 447 accident provides a paradigmatic ex-
ample of external script conflict. The pilot’s continuous
nose-up inputs during an aerodynamic stall, which appear
incomprehensible from an operational flight safety perspec-
tive, become interpretable through training script analysis
[20; 21]. The pilot’s internal script, shaped by simulator-
based emergency procedures emphasizing altitude mainte-
nance, conflicted with operational requirements for nose-
down stall recovery. Limited high-altitude manual flying
experience caused training scripts to dominate operational
decision-making during the critical period, creating a script
configuration mismatch that contributed to the fatal outcome.

Similarly, the Tenerife disaster demonstrates external script
conflicts in communication-critical environments [10]. The
KLM captain, with extensive flight instructor experience,
operated according to training environment external scripts
where communication is compressed and controller state-
ments like “Okay” indicate implicit approval [10]. When the
ATC transmitted “Okay-stand by for takeoff,” script-driven
expectation bias led to selective attention focusing on “Okay”
confirmation while filtering the “stand by” directive. Opera-
tional ATC protocols, however, require external scripts em-
phasizing clearance separation and explicit authorization re-
quirements. Standard ATC communication external scripts
dictate that “stand by” represents an explicit and overriding
command to wait, regardless of preceding acknowledgment
language. The conflict between compressed training external
scripts and redundant operational external scripts created in-
terpretive ambiguity that contributed directly to the collision.

4.2 Intelligent Systems
This subsection examines documented aviation contexts
where pilots interact with intelligent systems, analyzing how
these systems fail to account for the interpretive complexity
that aviation professionals consider essential for comprehen-
sive situational awareness.

Outcome-Based Training and Script Blindness
Contemporary aviation AI systems rely on outcome-based
training methodologies that associate observable pilot behav-
iors with post-hoc outcomes rather than capturing the real-
time intention formation processes central to professional avi-
ation practice [22; 23]. This approach creates systematic
script blindness—the architectural inability to model how dif-
ferent professional training scripts generate legitimate inter-
pretive variation from identical behavioral cues [24].

At the cue level, outcome-based systems correctly ob-
serve objective pilot behaviors such as instrument scanning
sequences, and procedural timing patterns. However, these
systems systematically bypass the characteristics layer where
aviation professionals assign psychological meanings like
workload management, threat assessment, or decision con-
fidence to identical behavioral patterns [25]. Instead, systems
proceed directly from cues to situation classes based solely on
eventual outcomes, eliminating the interpretive richness that



allows multiple valid intention narratives to coexist.
Script blindness manifests most clearly in systems’ inabil-

ity to handle unrealized intentions: valid intentions that re-
main plausible throughout an observational episode but are
never enacted due to changing circumstances [25]. Consider
a pilot monitoring unstable approach indicators who main-
tains go-around intention readiness while continuing the ap-
proach. At the cue level, this produces observable behaviors:
extended instrument scanning, reduced communication, and
delayed configuration changes. At the characteristics layer,
experienced pilots would interpret these cues as evidence
of heightened situational awareness and appropriate caution,
while training-oriented observers might see hesitation or in-
decision. However, if conditions improve and landing is com-
pleted, outcome-based training forces a single situation class
of “landing intention,” systematically eliminating the coex-
isting “go-around readiness” narrative that experienced avia-
tion professionals consider essential for comprehensive situ-
ational awareness.

Empirical Evidence of Script Blindness
Mao et al.’s implementation of a pilot intent recognition sys-
tem provides concrete evidence of script blindness. Their sys-
tem monitored pilot operational sequences across five avia-
tion tasks (threat identification, weather avoidance, route op-
timization, instrument landing, and communication coordina-
tion) using 46 cockpit control inputs, achieving 88.89% ac-
curacy through operation matching, sequence matching, and
coverage rate metrics [24]. Despite this performance, sys-
tematic analysis reveals fundamental limitations. At the cue
level, the system correctly observes shared, objective stimuli:
specific button press sequences, timing patterns between in-
puts, and procedural execution orders that are accessible to
both human observers and the AI system. Paper mentions
that a sequence of autopilot disconnect, manual control in-
puts, and communication button activation constitutes identi-
cal cues observable by all parties [24].

The critical failure occurred at the characteristics layer,
where the system treated cues uniformly regardless of the
psychological meanings that different internal scripts would
assign [26]. In emergencies, the identical button press se-
quence represented fundamentally different characteristics:

• Experienced Emergency Script: Decisive expert action
reflecting comprehensive situation assessment and con-
fident execution under pressure

• Overwhelmed Reactive Script: Task saturation response
indicating rushed information seeking followed by reac-
tive communication due to cognitive overload

• Training-Based Script: Procedural compliance demon-
strating systematic adherence to memorized emergency
sequences regardless of situational appropriateness

The system’s uniform processing eliminates these interpre-
tive distinctions, proceeding directly to situation classes like
“emergency response” or “threat management” without mod-
eling the script-mediated reasoning that aviation profession-
als consider essential for appropriate response coordination.

The system also fails to model conflicts between external
scripts embedded in the AI’s training data and pilots’ inter-

nalized scripts developed through diverse operational experi-
ence [24]. The system’s external script prioritizes operation
matching and sequence coverage, potentially conflicting with
pilots’ internal scripts that emphasize situational adaptation
and context-sensitive decision making over procedural con-
sistency.

These failures indicate that evaluation scenarios must vary
pilot experience levels, training backgrounds, and operational
contexts while holding control input sequences constant. Sce-
narios should present identical cues that support multiple
valid characteristics interpretations to test whether systems
can distinguish between these fundamentally different inten-
tion formation processes.

Cockpit AI Assistance Systems
The HAIKU project’s UC1 (cockpit warning management)
and UC2 (weather data sharing) systems exemplify failures
at the characteristics layer, where identical cues receive uni-
form interpretation regardless of pilots’ internal scripts [23].
However, those systems bypass the interpretive process where
human pilots, guided by their internal scripts, would assign
different psychological characteristics to these cues.

At the cue level, UC1 correctly processes shared, objective
stimuli: instrument warnings accessible to both pilots and the
AI system. However, the system’s failure occurs at the char-
acteristics layer, where identical cues should receive different
psychological interpretations based on pilots’ internal scripts:

• Experienced Emergency: Interprets instrument warn-
ings as confirmatory information for situation assess-
ment [23].

• Overwhelmed Startle: Interprets identical warnings as
competing attentional demands requiring immediate se-
quential processing [23].

• Training-Based Procedural: Interprets warnings as
checklist triggers demanding systematic scanning re-
gardless of flight phase criticality [23].

Findings of the project demonstrated that UC1’s external
script of “optimal scanning prompts” has conflicted system-
atically with the internal scripts above, forcing a single situ-
ation class of “systematic warning response” that eliminates
the legitimate interpretive variation [23].

At the cue level, UC2 processes objective weather data.
The characteristics layer failure manifests when the system’s
optimization logic conflicts with pilots’ internal scripts:

• Safety-First: Interprets weather data as threat indicators
requiring maximum operational margins

• Operational Efficiency: Interprets identical data as tacti-
cal information for fuel and schedule optimization

• Experience-Based Contextual: Interprets data through
accumulated knowledge of specific aircraft performance
and regional weather patterns

UC2’s external script enforces algorithmic optimization,
proceeding directly to situation classes like “weather avoid-
ance” or “route efficiency” without modeling the script-
mediated reasoning processes that pilots use to balance com-
peting operational priorities.



Observer Internal Scripts External Scripts Characteristics Classes
Experienced ATC
Routine Context

Prioritizes traffic flow, pre-
dictability, and immediate
compliance for system efficiency.

Institutional procedures requir-
ing standardized phraseology and
timely pilot responses.

Non-compliance. A mi-
nor, but notable, devia-
tion from the norm.

Routine Traffic Vio-
lation

Experienced ATC
Emergency Context

Prioritizes threat detection and
airspace safety; non-compliance
is a potential indicator of a criti-
cal event.

Emergency protocols that elevate
the significance of any deviation
from expected behavior.

Potential Incapacita-
tion. A critical indicator
of a possible loss of crew
situational awareness.

Undeclared Emer-
gency

Experienced Pilot
High-Stress Con-
text

Prioritizes the “Aviate, Navigate,
Communicate” hierarchy; aircraft
control is paramount.

Emergency checklists and com-
pany policies that mandate stabi-
lizing the aircraft before external
communication.

Appropriate Task Pri-
oritization. A deliberate
and disciplined action.

Effective Workload
Management

Novice Pilot High-
Stress Context

Tends toward rigid procedural ad-
herence; may struggle to prioritize
under high cognitive load.

Training-based procedures that
may not have been fully internal-
ized for dynamic, high-stress situ-
ations.

Hesitation/Indecision.
A sign of being over-
whelmed or task-
saturated.

Potential Task Satu-
ration

Table 2: Multi-Dimensional Script-Based Interpretations of the 8-Second Delay

5 Scenario Construction
Following the methodology established in Section 3, this sec-
tion develops the scenarios that systematically vary classes,
characteristics and script configurations while holding en-
vironmental cues constant, creating the interpretive open-
endedness essential for evaluating intelligent systems’ ability
to preserve multiple plausible intention narratives.

5.1 Case Study A: The Communication Delay
This scenario models the cross-role script conflicts common
in aviation, inspired by the forensic analysis of US Airways
Flight 1549 [16]. It is structured to generate multiple levels
of open-endedness by varying not only the observer’s role but
also their experience and the perceived emergency context.
Observable Cue Identification

• Cue: During flight operating at 35,000 feet in moderate
traffic density, ATC issues a routine frequency change
instruction. The flight crew delays acknowledgment for
8 seconds while maintaining stable flight parameters.

Multi-Dimensional Variation and Script Analysis
Two primary observer roles are involved whose perspectives
could be sampled for data collection annotation: the ATC and
the two pilots controlling the plane. Table 2 maps the cue
to divergent interpretations by explicitly detailing the inter-
nal and external scripts that guide each observer’s reasoning
process.
Intention Narratives Formulation for Evaluation

• Narrative 1 (Experienced ATC, Routine): “The pilot
has momentarily failed to comply, likely due to a minor
distraction. The intention is to respond shortly, but this
represents a minor lapse in protocol.”

• Narrative 2 (Experienced ATC, Emergency): “The
pilot’s failure to respond suggests a critical event in the
cockpit. Their intention is unknown, and they may be
unable to communicate, making the aircraft an unpre-
dictable risk.”

• Narrative 3 (Experienced Pilot, High-Stress): “The
pilot is intentionally and correctly prioritizing aircraft

control over a non-critical communication. The inten-
tion is to ensure flight safety first, which is the correct
procedure.”

• Narrative 4 (Novice Pilot, High-Stress): “The pilot
may be struggling to manage multiple tasks. The inten-
tion to communicate is likely present but delayed due to
cognitive overload, increasing the risk of error.”

5.2 Case Study B: The Stall Recovery Input
This scenario models the deep ambiguity that arises when a
pilot’s actions could be attributed to profound human error or
a rational response to faulty system information, inspired by
incidents like Air France Flight 447 [20; 21].

Observable Cue Identification
• Cue: During a high-altitude aerodynamic stall warning,

the pilot applies continuous nose-up stick input.

Multi-Dimensional Variation and Script Analysis
Table 3 details how different professional roles and assump-
tions on system reliability lead to opposing conclusions, ex-
plicitly tracing the logic back to the guiding internal and ex-
ternal scripts.

Intention Narratives Formulation for Evaluation
• Narrative 1 (Instructor, Reliable Sensors): “The pilot

is panicking. Their intention is irrational and directly
contrary to their training, making recovery impossible.”

• Narrative 2 (Instructor, Faulty Sensors): “The pilot
likely intends to stop a perceived rapid descent shown by
faulty instruments. Their intention is to save the aircraft,
but their actions are based on dangerously incorrect in-
formation.”

• Narrative 3 (Engineer, Reliable Sensors): “The sys-
tem is performing as designed. The pilot’s intention is
unclear and their actions are the source of the failure.”

• Narrative 4 (Engineer, Faulty Sensors): “The pilot is
likely intending to climb to a safe altitude, acting ra-
tionally based on the data presented to them. The root
cause is a system malfunction, not pilot error.”



Observer Internal Script External Script Characteristics Classes
Pilot / Instructor
(Assuming Reli-
able Sensors)

Built on the ingrained “push,
roll, power” mantra for stall
recovery; prioritizes immediate
procedural execution.

Standard Operating Procedures
and flight manuals that explic-
itly mandate a nose-down input
to recover from a stall.

Gross Pilot Error. A catas-
trophic failure to apply fun-
damental training.

Loss of Control by
Pilot Error

Pilot / Instructor
(Suspecting Faulty
Sensors)

Experience-based knowledge
that high-altitude sensor errors
can produce misleading warn-
ings and data.

Specialized training on system
limitations and unreliable air-
speed checklists that override
basic stall recovery mantras.

Misguided Procedural Ad-
herence. A rational attempt
to fly the aircraft based on
faulty instrument readings.

System Induced Pi-
lot Error

Maintenance En-
gineer (Assuming
Reliable Sensors)

System-first diagnostic mind-
set; assumes pilot competence
and searches for external causes
or anomalous human factors.

Maintenance logs and system
performance data showing no
history of sensor faults for this
specific aircraft.

Anomalous Pilot Action.
A puzzling behavior that
contradicts expected compe-
tency.

Unexplained Pilot
Deviation

Maintenance En-
gineer (Suspecting
Faulty Sensors)

Diagnostic mindset that
prioritizes potential hard-
ware/software failures as root
causes for pilot actions.

Diagnostic fault trees and air-
worthiness directives that pro-
vide knowledge of potential
sensor failures.

Logical Response to Faulty
Data. A rational action given
the high probability of erro-
neous sensor data.

Suspected Sensor
Failure

Table 3: Multi-Dimensional Script-Based Interpretations of the Nose-Up Input

6 Discussion
The systematic analysis of the two case studies demonstrates
that open-endedness in aviation intention interpretation is a
manipulable, and not binary, characteristic. Both cases re-
veal predictable patterns across scenario parameters that have
direct implications for intelligent system design.

Case Study A highlights an inverted U-shaped relationship
between temporal ambiguity and interpretive diversity. The
8-second communication delay represents a zone of optimal
ambiguity, long enough to violate routine operational expec-
tations but insufficient to trigger universal emergency proto-
cols. Within this window, multiple valid interpretations co-
exist: experienced pilots may invoke workload management
scripts, while ATCs apply compliance monitoring scripts,
generating legitimate cross-role tension. Shorter delays (2–3
seconds) collapse interpretations toward routine operations
consensus, whereas longer delays (15+ seconds) force con-
vergence on emergency protocols. This illustrates how the
characteristics layer in the 3Cs framework transforms iden-
tical cues into divergent psychological meanings, which are
further modulated by observers’ internal and external scripts.

Case Study B reveals that open-endedness scales primar-
ily with uncertainty about system reliability. When observers
assume fully reliable sensors, a pilot’s nose-up input during
a stall warning yields minimal interpretive variation: profes-
sional scripts converge on procedural violation. Introducing
moderate uncertainty generates multiple plausible narratives,
ranging from rational response to system-induced error. This
demonstrates that interpretive diversity arises not solely from
observable behavior, but from observer confidence.

A cross-scenario analysis identifies a constraint hierarchy
governing interpretive outcomes. Strong constraints override
role- and experience-based differences, producing closed-
ended interpretations. Weak constraints allow scripts to dom-
inate, generating high open-endedness. Moderate constraints,
however, create competing interpretations that cannot be re-
solved through additional information. Historical aviation in-
cidents illustrate this principle: in US Airways Flight 1549,
an 8-second communication delay produced conflicting but
professionally legitimate interpretations between pilots and

ATC, while in Air France 447, high-altitude stall responses
were interpreted differently depending on assumptions about
system reliability and training scripts.

For intelligent system design, these patterns emphasize that
open-endedness should be preserved rather than eliminated
during annotation and model evaluation. Majority-vote ag-
gregation collapses critical interpretive diversity, especially
under moderate-constraint scenarios where cross-role con-
flicts carry the greatest operational significance. Annota-
tion strategies should deliberately sample across professional
roles to capture the spectrum of legitimate interpretations,
preserving the tension between traffic management and air-
craft control priorities. Similarly, evaluation metrics should
reward systems that maintain multiple concurrent intention
narratives in ambiguous scenarios, while still converging ap-
propriately when constraints are strong.

Overall, these findings suggest a shift from traditional
outcome-driven AI toward interpretive amplification systems.
Such systems would enhance professional judgment by sur-
facing multiple plausible scenarios rather than prematurely
resolving ambiguity. By explicitly modeling the 3Cs frame-
work and internal/external scripts, AI can respect the psycho-
logical significance of cues and the legitimacy of cross-role
differences, supporting more robust situational awareness and
safety-critical decision-making.

7 Responsible Research
7.1 Ethical Considerations
This research raises ethical concerns primarily related to how
scenario-based models of social intention may influence the
development of intelligent systems in aviation. Although the
goal of this work is not to predict or judge pilot intentions,
but rather to expose interpretive variability, the formalization
of data collection scenarios inevitably shapes what kinds of
interpretation become visible, recordable, and reusable in fu-
ture systems.

A central ethical risk lies in the implicit normalization of
particular intention narratives during scenario construction.
Even when multiple interpretations are presented, the act



of selecting scenarios, defining contextual cues, and fram-
ing professional perspectives privilege certain interpretations
over others. If such scenarios are later used to train intelli-
gent systems, these systems inherit biases toward institution-
ally favored perspectives, and hence, contributes to automa-
tion bias.

A further ethical tension concerns epistemic authority:
who is entitled to define which interpretations of behavior are
considered plausible. By categorizing professional perspec-
tives, researchers inevitably make judgments about which
viewpoints are sufficiently rational to be included. In avi-
ation, where responsibility is distributed but accountability
is often individualized, codifying interpretation patterns into
technical artifacts risks oversimplifying the situated expertise
of professionals and shifting interpretive authority from hu-
man actors to algorithmic systems. This becomes especially
critical in a situation where such systems are perceived as ob-
jective, despite being grounded in selective assumptions.

7.2 Reproducibility
From a reproducibility perspective, this research adopts a
transparent, literature-driven methodology intended to be
replicable across domains. The search strategy, query clus-
ters, inclusion and exclusion criteria, and contextual dimen-
sions are explicitly documented, and hence, the process is
easily reconstructable. Even though the qualitative synthe-
sis and scenario construction necessarily involve interpretive
judgment, all assumptions, and explicit articulation of con-
textual dimensions have been documented throughout this pa-
per, making it reproducable by anyone showing interest to this
topic. By grounding scenario design in documented scripts,
and observable cues, the methodology supports methodolog-
ical rigor.

7.3 Use of AI in the Writing Process
Large Language Models (LLMs) served exclusively as assis-
tance tools throughout the writing process. It was primar-
ily used for text rephrasing and generating tables to present
relevant data. The author reviewed and verified all LLM-
generated content.

8 Conclusion
This paper examined how contextual variation in aviation can
be systematically characterized to support the design of data
collection scenarios that enable intelligent systems to capture
multiple valid interpretations of social behavior. Addressing
a gap in both aviation and AI literature, the study argued that
intention recognition in safety-critical environments cannot
be reduced to a single ground-truth mapping between observ-
able behavior and inferred intent. Instead, intention interpre-
tation is inherently open-ended, shaped by contextual cues,
psychological characteristics, situational classes, and the in-
ternal and external scripts held by different observers.

To operationalize this insight, the paper introduced an in-
tegrated framework combining the 3Cs model of situational
analysis with script theory. This integration provides a struc-
tured method for tracing how identical observable cues can
be transformed into divergent yet professionally legitimate

intention narratives across roles. Through a literature-based
synthesis, the framework identified key contextual dimen-
sions that systematically influence interpretation and demon-
strated how these dimensions can be manipulated through
scenario design. The resulting scenario-first methodology
reverses the traditional outcome-driven approach to system
evaluation by exposing interpretive ambiguity prior to mod-
eling rather than collapsing it after the fact.

The case studies illustrated how holding observable behav-
iors constant while varying script configurations reveals un-
realized intentions, cross-role conflicts, and training-induced
mismatches that aviation professionals routinely manage in
practice. These examples show that scenario design is not a
neutral preparatory step, but a foundational epistemic process
that determines which forms of interpretive diversity are pre-
served and which are suppressed. From this perspective, avi-
ation intelligent systems should be designed not to eliminate
interpretive complexity, but to preserve and surface it in ways
that support professional judgment, safety, and coordination.

9 Future Work

This research is exploratory in nature and therefore subject to
several limitations that define clear directions for future work.
The literature-based methodology, while appropriate for con-
ceptual framework development, constrains empirical cover-
age and introduces cultural and linguistic biases through its
reliance on English-language, predominantly Western avia-
tion sources. In addition, the case studies are derived from
secondary literature rather than direct operational observa-
tion, limiting ecological validity and professional validation.

Future research should therefore prioritize empirical vali-
dation through controlled studies involving aviation profes-
sionals, including pilots, air traffic controllers, and main-
tenance personnel. Such studies would enable systematic
testing of the proposed contextual dimensions and assess
how different professional groups construct, negotiate, and
evaluate intention narratives in real and simulated scenarios.
Cross-cultural investigations, supported by international col-
laboration, would further examine how professional scripts
and interpretive norms vary across aviation cultures.

Beyond validation, future work should examine the formal
limits of contextual modeling, particularly in degraded op-
erational environments where established scripts may break
down and interpretation becomes unstable. Additional re-
search is also needed to explore how scenario diversity and
interpretive open-endedness can be preserved without pro-
ducing unmanageable complexity for annotation, modeling,
and system evaluation.

Finally, longitudinal research should investigate how sce-
nario design choices influence downstream research prac-
tices, system architectures, and explanation strategies in in-
telligent systems. Such work would clarify how scenario-first
methodologies shape not only data collection, but also the
epistemic assumptions embedded in intelligent system devel-
opment over time.
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